Standard operating procedures for standardized mass rearing of the dengue and chikungunya vectors  and  (Diptera: Culicidae) - I - egg quantification by unknown
Zheng et al. Parasites & Vectors  (2015) 8:42 
DOI 10.1186/s13071-014-0631-2RESEARCH Open AccessStandard operating procedures for standardized
mass rearing of the dengue and chikungunya
vectors Aedes aegypti and Aedes albopictus
(Diptera: Culicidae) - I - egg quantification
Min-Lin Zheng1,2, Dong-Jing Zhang1, David D Damiens1, Hanano Yamada1 and Jeremie RL Gilles1*Abstract
Background: Quantification of eggs prior to rearing the immature stages of mosquitoes is an essential step in
establishing a standardized mass rearing system. To develop a simple and accurate method of egg quantification
for Aedes aegypti and Aedes albopictus, the relationship between egg number and weight, as well as egg number
and volume, were studied.
Methods: Known quantities of eggs (1,000, 3,000, 6,000, 12,000, 15,000, 18,000, 21,000 and 27,000) were counted
and subsequently their weight and volume were measured. Best-fit curves and regression equations were used to
describe relationships between Aedes egg number and both weight and volume.
Results: Eighteen thousand Ae. aegypti eggs weighed 159.8 mg and had a volume of 277.4 μl, compared to
measurements of 131.5 mg and 230.3 μl for Ae. albopictus. The eggs of Ae. aegypti were thus larger and heavier
than those of Ae. albopictus. The use of weight and volume to quantify egg number was validated by counting
volumes and weights of eggs expected to correspond to 3,000 and 18,000 eggs of each species; significant
correlations were found in all cases except in the case of 3,000 Ae. albopictus eggs measured by volume.
Conclusion: Methods for egg quantification were validated and shown to be a consistent and practical means to
achieve uniform distribution of Aedes larvae between rearing trays, important for optimal mass rearing of the
immature stages of Aedes mosquitoes.
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The incidence of dengue has grown dramatically around
the world in recent decades with over 3 billion people now
at risk [1]; the disease is endemic in more than 100 coun-
tries in Africa, the Americas, the Eastern Mediterranean,
Southeast Asia and the Western Pacific and outbreaks are
becoming more frequent. While Aedes aegypti remains
the primary vector of the dengue virus, Ae. albopictus
is playing an increasingly important role.
One strategy being pursued to more effectively control
these disease vectors Area-Wide Integrated Vector Man-* Correspondence: j.gilles@iaea.org
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unless otherwise stated.agement (AW-IVM) programmes with a sterile insect
technique (SIT) component, which has succeeded in con-
trolling other insect pests of agricultural significance such
as fruit flies, tsetse flies, and the New World screwworm
[2-6]. Since 2010, the Insect Pest Control Laboratory
(IPCL) of the Joint FAO/IAEA Division of Nuclear Tech-
niques in Food and Agriculture, Seibersdorf (Austria) is
developing an SIT package for Aedes mosquitoes which
includes techniques and equipment for mass-rearing,
sex separation, and sterilization. A larval rearing unit
comprising a rack containing 50 trays [7], high efficiency
diet formulations for larval development [8,9] and an adult
mass-rearing cage [10] have also been developed for Ae.
albopictus and are being tested for Ae. aegypti.This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,




Weight of eggs (mg) t P
Ae. aegypti(N) Ae. albopictus (N)
1,000 8.9 ± 0.04 (27) 7.7 ± 0.08 (44) 11.37 ***
3,000 25.9 ± 0.5 (15) 22.1 ± 0.26 (17) 7.04 ***
6,000 51.4 ± 1.04 (7) 44.5 ± 0.39 (7) 6.17 ***
12,000 101.8 ± 3.82 (3) 89.3 ± 0.45 (3) 3.25 **
15,000 132.3 ± 2.42 (3) 111.4 ± 0.86 (3) 8.15 **
18,000 159.8 ± 1.93 (3) 131.5 ± 1.13 (3) 12.67 ***
21,000 184.6 ± 2.41 (3) 146.3 ± 2.47 (3) 11.1 ***
27,000 233.9 ± 2.97 (3) 187.3 ± 2.43 (3) 12.15 ***
“N” is the number of replicates; “***” and “**” represent P < 0.001 and
0.001 < P < 0.05, respectively.
Table 2 Volume (mean ± SE) of Ae. aegyptiand Ae.




Volume of eggs (μL) t P
Ae. aegypti(N) Ae.albopictus (N)
1,000 18.8 ± 0.29 (17) 16.5 ± 0.36 (17) 4.83 ***
3,000 50.7 ± 0.63 (15) 45.2 ± 0.72 (12) 5.74 ***
6,000 99.4 ± 1.24 (9) 82.5 ± 1.08 (8) 10.15 ***
12,000 187.2 ± 2.17 (6) 159.0 ± 1.61 (5) 10.02 ***
15,000 231.8 ± 2.53 (5) 196.3 ± 1.97 (5) 11.08 ***
18,000 277.4 ± 2.96 (5) 230.3 ± 3.22 (5) 10.75 ***
21,000 323.9 ± 3.95 (5) 259.4 ± 6.39 (5) 8.59 ***
27,000 422.0 ± 6.34 (5) 336.6 ± 4.96 (5) 10.61 ***
“N” is the number of replicates; “***” represents P < 0.001.
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ating procedures (SOPs) are not only useful for the
classical SIT using radiation to sterilize the males, it is
also a prerequisite for the Incompatible Insect Tech-
nique (IIT) using Wolbachia-infected males [11,12] and
for transgenic population suppression approaches such
as RIDL [13,14]. All techniques mentioned above require
the production of large numbers of high quality males
for sequential releases into the target area to induce
sterility into the wild mosquito population. In order to
achieve this goal, standardization of all steps of the
mass-rearing process is required, starting from egg pro-
duction. Each tray of the rack/tray system needs to be
seeded with the same number of eggs to control and
ensure the quality of the final product, avoiding dispar-
ities between trays. An accurate quantitative estimation
of eggs would allow a consistent distribution of eggs,
avoiding underfilling or overcrowding. Underfilling leads
to production inefficiency, a waste of rearing diet and
potential overfeeding while overcrowding leads to small
pupae and adults, prolonged development times and
increased mortality [15,16].
In the present paper, we propose two standardized
methods for estimation of egg numbers for Ae. aegypti
and Ae. albopictus, based on weight or volume, that could
be used for routine rearing or mass-rearing purposes.
Methods
Ethics statement
The blood used for routine blood-feeding was collected
in Vienna, Austria during routine slaughtering of pigs or
bovines in a national authorized abattoir at the highest pos-
sible standards strictly following EU laws and regulations.
Colony maintaining for experiments
Ae. aegypti and Ae. albopictus laboratory colonies origin-
ating from Juazeiro, Brazil and Rimini, Italy, respectively,
were used for all experiments. Larvae were reared in
plastic trays (30 × 40 × 8 cm) containing 1 liter of deion-
ized water held at a constant air temperature of 27 ± 1°C
and a photoperiod of 12:12 (L:D). Larval food comprised
50% tuna meal, 36% bovine liver powder, 14% brewer’s
yeast and 0.2 g of Vitamin Mix per 100 ml of diet solution.
approximately 4–5,000 adult mosquitoes were reared per
60 × 60 × 60 cm cage (Bioquip, Rancho Dominguez, Ca.)
at a constant ambient temperature of 25 ± 1°C, a photo-
period of 12:12(L:D)and relative humidity of ca. 70%.
Blood meals were offered to females three times per week
and a 10% sugar solution was constantly available.
Egg collection, drying and storage
Females were allowed to oviposit in a cylindrical container
(diameter 11.4 cm, height 9.7 cm, BioQuip, Rancho
Dominguez, Ca.) containing deionized water and linedwith crêpe paper (Sartorius Stedim Biotech GmbH,
Göttingen, Germany). Egg-papers were removed and
gently washed with deionized water using a plastic wash-
ing bottle to remove dead adults and transferred into a
covered larval rearing tray for gradual drying over 24–48
hours at 27 ± 1°C and 70% RH. Egg-papers were trans-
ferred into plastic zip lock bags and kept in a sealed black
plastic box for maturation in the larval rearing room, at
conditions described above. All eggs used in these experi-
ments were collected, stored and treated in the same way,
all no older than 15 days post-oviposition.Relationship between quantity and weight of eggs
Eggs were brushed from their papers using a small paint
brush and collected on a ceramic palette for counting
under a stereomicroscope. Batches of 1,000, 3,000, 6,000,
12,000, 15,000, 18,000, 21,000 and 27,000 eggs were
transferred into 1.5 ml Eppendorf tubes for weighing
using an electronic balance with an accuracy of 0.0001 g.
Each size of egg batch was repeated at least 3 times for
each species, using different batches of eggs each time.
y = 0.0088x - 0.3324 
R² = 0.9995

























Figure 1 Relationship between weight and quantity of Aedes aegypti (Blue) and Aedes albopictus (Red) eggs.
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Using the protocol described above, we measured the
volume occupied by the different numbers of eggs (1,000,
3,000, 6,000, 12,000, 15,000, 18,000, 21,000 and 27,000
eggs) in Eppendorf tubes. Eggs were removed and the
tubes filled with deionized water to the same level and
weighed. Volumes were calculated from the density of
water: 1 mg of deionized water has a volume of 1 ml, as
confirmed in a prior test (data not shown). Measurements
of each egg quantity were repeated at least 3 times.
Validation of the relationship between egg number and
weight
To validate the relationship between egg number and
weight, 3,000 and 18,000 eggs were weighed out based
on the mean weights of eggs estimated in the previous

























Figure 2 Relationship between volume and quantity of Aedes aegyptiwith expected numbers. Validation counts were made
for 3,000 and 18,00 eggs at least three times each, for
each species.
Validation of the relationship between egg number and
volume
Deionized water was added to Eppendorf tubes in quan-
tities corresponding to the volumes measured as described
above for 3,000 and 18,000 eggs (Table 2), and the volume
marked on the tubes. Eggs were added to the Eppendorf
tubes up to the mark and were subsequently removed for
counting, and the actual numbers of eggs counted were
compared to expected numbers.
To further validate this correlation, volumes of eggs
corresponding to those measured above for 3,000 and
18,000 eggs (Table 2) were added to Eppendorf tubes, then
counted and actual numbers compared to expectedy = 0.0122x + 8.65
R² = 0.9989






(Blue) and Aedes albopictus (Red) eggs.
Table 3 The observed number (mean ± SE) of eggs counted from the weight of expected number of eggs for Ae.
aegyptiand Ae. albopictus
Ae.albopictus Ae.aegypti
Number of eggs expected Number of eggs observed t P Number of eggs observed t
3,000 N = 7 3,081 ± 117 1.84 0.12 2,980 ± 134 −0.40 0.71
18,000 N = 3 18,458 ± 623 1.27 0.33 17,780 ± 492 −0.77 0.52
“N” is the number of replicates.
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eggs of each species was repeated at least 3 times.Effect of brushing on egg hatch rate
To determine if the brushing protocol affected egg sur-
vival, the hatch rate of approximately 500 eggs were
placed in hatching solution without being removed from
the egg paper (control) and the hatch rate of ~500 eggs
removed from egg paper by brushing were compared.Statistical analysis
For the relationship between number of eggs, weight and
volume, Pearson’s Correlation coefficients were calculated
and tested using Minitab 13.32 (Minitab Inc., Pennsylvania).
Ae. aegypti and Ae. albopictus egg batch weight and volume
were compared using SPSS 19.0 statistical software (IBM
SPSS Statistics, New York) to calculate two sample t tests
for independent samples. For validation, a t test was con-
ducted to compare the expected mean with the observed
number.
Hatch rates were arcsin transformed (√hatch rate) to
allow comparison by t test and analyzed for an effect of
brushing.Results
Relationship between weight and quantity of eggs
Egg number and weight followed a significant linear
relationship in both Ae. aegypti and Ae. albopictus (y =
0.0087× − 0.0912 with r = 0.99, S = 2.547, P < 0.0001 and
y = 0.007× + 1.0317 with r = 0.99, S = 2.090, P < 0.0001,
respectively) (Figure 1). The weight of Ae. aegypti eggs
was shown to be significantly greater than that of Ae.
albopictus eggs (Table 1).Table 4 The observed number (mean ± SE) of eggs counted fr
aegypti and Ae. albopictus
Ae.albopictus
Number of eggs expected Number of eggs observed
3,000 N = 7 3,172.7 ± 76.9
18,000 N = 3 17,452 ± 318
“N” is the number of replicates.Relationship between volume and quantity of eggs
Egg volume and number also followed a significant
linear relationship for both Ae. aegypti and Ae. albopictus
(y = 0.0124× + 9.707 with r = 0.99, S = 6.107, P < 0.0001 and
y = 0.0155× + 4.59 with r = 0.999, S = 4.393, P < 0.0001,
respectively) (Figure 2).
The size of Aedes aegypti eggs was shown to be signifi-
cantly greater than those of Aedes albopictus eggs
(Table 2).Validation of the relationship between egg number
and weight
Quantities of Ae. aegypti and Ae. albopictus eggs expected
from the weight experiment above to contain 3,000
(25.9 mg and 22.1 mg, respectively) and 18,000 (159.8 mg
and 131.5 mg, respectively) eggs were weighed out and
then counted, and the data are presented in Table 3. No
significant difference was observed between the expected
number of eggs and observed number of eggs, confirming
the weighing of dry eggs to be a reliable method for quan-
tifying eggs.Validation of the relationship between egg number
and volume
Volumes of Ae. aegypti and Ae. albopictus eggs expected
from the volume experiment above to contain 3,000
(50.7 μl and 45.2 μl, respectively) and 18,000 (277.4 μl
and 230.3 μ respectively) eggs were measured out and
then counted, and the data are presented in Table 4. No
significant difference was observed between the expected
number of eggs and observed number of eggs except for
the volume estimated to be 3,000 eggs for Ae albopictus,
where significantly more eggs than expected were
counted from the measured volume.om the volume of expected numbers of eggs for Ae.
Ae.aegypti
t P Number of eggs observed t
5.94 <0.005 3,173 ± 233 1.98 0.10
−2.99 0.10 18,164 ± 1180 0.24 0.83
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For neither species was there an impact of the brushing
protocol on hatch rate. Indeed, there was no significant
difference between the control (90.8 ± 1.4%) and brushed
eggs (89.6 ± 0.7%) (t test, t = −1.28, df = 4, P = 0.271) in
Ae. albopictus or between the control (93.7 ± 1.6%) and
brushed eggs (91.9 ± 1.0%) (t test, t = 1.65, df = 4, P =
0.175) in Ae. aegypti.
Discussion
A convenient and accurate approach to quantify the
dried eggs of Ae. aegypti and Ae. albopictus has been
developed, allowing for standardized larval rearing of Ae-
des mosquitoes. A highly significant correlation between
egg number and both weight and volume was observed,
and the low variability between replicates indicates a good
reproducibility. Considering the management required
to produce and coordinate the large quantities of eggs
needed in a mass rearing setting, the techniques devel-
oped here appear to be more practical on a very large
scale than the method previously employed [17] using
digital image analysis to estimate Aedes egg numbers
present on egg papers.
The behavior of Ae. aegypti and Ae. albopictus reared
in the mass rearing cages and developmental trays devel-
oped by Balestrino et al. [10,18] allow egg production by
a colony to be predicted with some accuracy. Indeed the
capacity of Aedes species to firmly oviposit onto a remov-
able substrate (the oviposition paper) [19,20] and the
resistance of eggs to drying [21,22] simplifies the collec-
tion and maturation process. For example, a mass rearing
cage containing 13,000 adult Ae. albopictus allows the
harvesting of an egg paper with around 100,000 eggs
following one blood meal [10]. Egg papers can then be
dried and stored in laboratory conditions. When
needed, and because of the robust nature of the eggs,
they can be brushed and handled without significant
decrease in hatch rate after a storage duration of several
weeks (8 to 10 weeks as for Ae. aegypti [23,24]) and the
quantity estimated.
However, standardized tools need to be developed. In
the mass rearing trays (100 × 60 × 3 cm with a capacity
of 6 L of water), the optimal quantity of larvae reared in
each tray is about 12,000 to 18,000 [7]. Since after dry-
ing, storage and brushing, hatching rate of Ae. aegypti
(Juazeiro strain) and Ae. albopictus (Rimini strain) is
about 90%, between 13,333 and 20,000 eggs per tray
would be needed. Several options could be used to
measure and deposit eggs into trays: for example, a
measuring spoon sized to contain the desired quantity of
eggs could be used to collect and transfer the eggs to
trays, or appropriately sized pharmaceutical capsules dis-
solvable in water could be used to hold and deposit the
eggs. Further experiments will deal with the use ofhypromellose capsules (Qualicaps® Europe, Spain) of dif-
ferent sizes (No. 4, 5, 6) to obtain the number of eggs
suitable for the mass rearing trays.
Although the relationship between quantity and
weight or volume of the eggs of two Aedes species has
been defined here, the application of either of these
accurate quantification methods for eggs should be
based on a strict, reliable and standardized mass rearing
process, since the weight and size of Aedes eggs can be
affected by several aspects of mass rearing such as egg
storage [25,26] as well as the adults’ nutrition or level of
health [27].
Conclusions
Two practical and simple methods of egg quantification
were tested and validated. Weight and volume measure-
ments have been shown to be a consistent and reliable
means to quantify eggs for transfer to trays to allow uni-
form rearing of the immature stages of Aedes mosquitoes
in a mass rearing setting.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
MZ conceived of and designed the study, carried out the experiments and
drafted the manuscript. DZ, JRLG and DD assisted in the development of the
experiment protocols, the rearing and supply of the mosquitoes, and
contributed substantially in the development of the manuscript. HY contributed
to and edited the later versions of the manuscript. JLRG oversaw the project as
group leader. All authors read and approved the final version of the manuscript.
Author details
1Insect Pest Control Laboratory, Joint FAO/IAEA Division of Nuclear
Techniques in Food and Agriculture, International Atomic Energy Agency,
Vienna, Austria. 2Beneficial Insects Institute, Fujian Agriculture and Forestry
University, Fuzhou, Fujian Province, China.
Received: 12 November 2014 Accepted: 30 December 2014
References
1. Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, et al.
The global distribution and burden of dengue. Nature. 2013;496:504–7.
2. Knipling EF. Possibilities of insect control or eradication through the use of
sexually sterile males. J Econ Entomol. 1955;48:459–69.
3. Harris EJ, Cunningham RT, Tanaka N, Ohinata K, Schroeder WJ. Development
of the sterile-insect technique on the island of Lanai, Hawaii, for suppression
of the Mediterranean fruit fly. Proc Hawaiian Entomol Soc. 1986;26:77–88.
4. Abd-Alla AMM, Bergoin M, Parker A, Maniania NK, Vlak JM, Bourtzis K, et al.
Improving sterile insect technique (SIT) for tsetse flies through research on
their symbionts and pathogens. J Invertebr Pathol. 2013;112:S2–S10.
5. Bushland RC, Hopkins DE. Sterilization of screw-worm flies with X-rays and
gamma rays. J Econ Entomol. 1953;46:648–56.
6. Bushland RC, Lindquist AW, Knipling EF. Eradication of screw-worms through
release of sterilized males. Science (Washington DC). 1955;122:287–8.
7. Balestrino F, Benedict MQ, Gilles JR. A new larval tray and rack system for
improved mosquito mass rearing. J Med Entomol. 2012;49:595–605.
8. Damiens D, Benedict MQ, Wille M, Gilles JRL. An inexpensive and effective
larval diet for Anopheles arabiensis (Diptera: Culicidae): eat like a horse, a
bird or a fish? J Med Entomol. 2012;49:1001–11.
9. Puggioli A, Balestrino F, Damiens D, Lees RS, Soliban SM, Madakacherry O,
et al. Efficiency of three diets for larval development in mass rearing Aedes
albopictus (Diptera: Culicidae). J Med Entomol. 2013;50:819–25.
Zheng et al. Parasites & Vectors  (2015) 8:42 Page 6 of 610. Balestrino F, Puggioli A, Bellini R, Petric D, Gilles JRL. Mass production cage
for Aedes albopictus (Diptera: Culicidae). J Med Entomol. 2014;51:155–63.
11. Dobson SL, Fox CW, Jiggins FM. The effect of Wolbachia-induced
cytoplasmic incompatibility on host population size in natural and
manipulated systems. Proc R Soc B. 2002;269:437–45.
12. Atyame CM, Pasteur N, Dumas E, Tortosa P, Tantely ML, Pocquet N, et al.
Cytoplasmic incompatibility as a means of controlling Culex pipiens
quinquefasciatus mosquito in the islands of the south-western Indian Ocean.
PLoS Negl Trop Dis. 2011;5:e1440.
13. Wilke ABB, Nimmo DD, St John O, Kojin BB, Capurro ML, Marrelli MT.
Mini-review: genetic enhancements to the sterile insect technique to control
mosquito populations. Asia Pac J Mol Biol Biotechnol. 2009;17:65–74.
14. Wilke ABB, Marrelli MT. Genetic control of mosquitoes: population
suppression strategies. Rev Inst Med Trop Sao Paulo. 2012;54:287–92.
15. Medici A, Carrieri M, Scholte E-J, Maccagnani B, Dindo ML, Bellini R. Studies
on Aedes albopictus larval mass-rearing optimization. J Econ Entomol.
2011;104:266–73.
16. Manorenjitha MS, Zairi J. Nutrition and overcrowding effects on larval
development and fecundity of female Aedes albopictus (Skuse). Inter J Life
Sci Med Res. 2012;2:63–7.
17. Mains JW, Mercer DR, Dobson SL. Digital image analysis to estimate
numbers of Aedes eggs oviposited in containers. J Am Mosq Control Assoc.
2008;24:496–501.
18. Balestrino F, Puggioli A, Gilles JRL, Bellini R. Validation of a new larval rearing
unit for Aedes albopictus (Diptera: Culicidae) mass rearing. PLoS One. 2014;9:
e91914.
19. Steinly BA, Novak RJ, Webb DW. A new method for monitoring mosquito
oviposition in artificial and natural containers. J Am Mosq Control Assoc.
1991;7:649–50.
20. Allan SA, Kline DL. Larval rearing water and preexisting eggs influence
oviposition by Aedes aegypti and Ae. albopictus (Diptera: Culicidae). J Med
Entomol. 1998;35:943–7.
21. Hien DS. Biology of Aedes aegypti (L.,1762) and Aedes albopictus (Skuse,
1865) (Diptera, Culicidae). Acta Parasitol Pol. 1975;23:553–68.
22. Sota T, Mogi M. Survival time and resistance to desiccation of diapause and
non-diapause eggs of temperate Aedes (Stegomyia) mosquitoes. Entomol
Exp Appl. 1992;63:155–61.
23. Ansari MA, Singh KRP, Brooks GD, Malhotra P, Vaidyanathan V. The
development of procedures for mass rearing of Aedes aegypti. Indian J Med
Res. 1977;65:91–9.
24. Morlan HB, Hayes RO, Schoof HF. Methods for mass rearing of Aedes aegypti
(L.). Public Health Rep. 1963;78:771–9.
25. Kliewer JW. Weight and hatchability of Aedes aegypti eggs (Diptera:
Culicidae). Ann Entomol Soc Am. 1961;54:912–7.
26. Farnesi LC, Martins AJ, Valle D, Rezende GL. Ebryonic development of Aedes
aegypti (Diptera:Culicidae): influence of different constant temperatures.
Mem Inst Oswaldo Cruz. 2009;104:124–6.
27. Steinwascher K. Egg size variation in Aedes aegypti: relationship to body
size and other variables. Am Mid Natur. 1984;112:76.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
